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(54) CHEMICALLY AMPUFIED RESIST COMPOSITION 

/ \ (57)Abstract: 



PROBLEM TO BE SOLVED: To provide a chemically amplified type 
positive type resist composition suitable for such excimer laser 
lithography as ArF and KrF, in which various resist performances 
such as sensitivity and resolution are excellent and a failure in 
pattern in particular is improved. 

J SOLUTION: A polymerization unit expressed by the general formula 

' given in Ref. 1 is included, and a resin which is insoluble or hardly 
soluble in itself at alkaline aqueous but becomes soluble in an alkaline 

(1) aqueous solution with an action of acid, an acid-forming agent, and a 
compound including a polymerization unit expressed by the general 
formula given in Ref. 2 is included, where R1, R3 and R4 
independently stand for hydrogen atom or methyl, respectively, and 

^ R2 stands for an alkyi having carbon number of 1 to 4. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A chemical amplification type positive resist composition by which a compound containing a polymerization 
unit expressed with resin, an acid generator, and a lower type (lb) which become meltable to an alkaline 
aqueous solution in an operation of acid being included although a polymerization unit expressed with a 
lower type (la) is contained and it is insoluble or refractory to an alkaline aqueous solution in itself. 
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(lb) 

(R|, R3, and R4 express a hydrogen atom or a methyl group independently among a formula, respectively, and 
R2 expresses an alkyi group of the carbon numbers 1-4.) 

[Claim 2] 

The constituent according to claim 1 whose content of a compound containing a polymerization unit 
expressed with a formula (lb) is 0.1 to 5 % of the weight in solid content in resist. 
[Claim 3] 

The constituent according to claim 1 or 2 whose weight average molecular weight of a compound containing 
a polymerization unit expressed with a formula (lb) is 5000 or less [ 500 or more ]. 
[Claim 4] 

The constituent according to any one of claims 1 to 3 whose compound containing a polymerization unit 
expressed with a formula (lb) is a polypropylene glycol. 
[Claim 5] 

The constituent according to any one of claims 1 to 3 whose compound containing a polymerization unit 
expressed with a formula (lb) is a polyethylene glycol. 
[Claim 6] 

The constituent according to any one of claims 1 to 5 whose content of a polymerization unit which has an 
unstable basis in acid in resin is 10-80-mol %. 
[Claim 7] 

The constituent according to any one of claims 1 to 6 whose polymerization unit expressed with a formula 
(la) is a polymerization unit drawn from acrylic acid (mate) 2-ethyl-2-adamanthyl. 
[Claim 8] 

The constituent containing at least one sort of polymerization units as which resin was chosen from a group 
which consists of a polymerization unit further expressed with a polymerization unit expressed with a lower 
type (Ic), and (Id) according to any one of claims 1 to 7. 
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.... (Ic) 




(Id) 

(Rg and Rj express a hydrogen atom or a methyl group independently among a formula, respectively, and Rg 
and Rg show an alkyi group of the carbon numbers 1-5 independently, respectively.) 

[Claim 9] 

A polymerization unit to which resin is further led from acrylic acid (meta) 3-hydroxy-1-adamanthyl, (Meta) 
At least one sort of polymerization units chosen from a group which consists of a polymerization unit to 
which a polymerization unit and a lactone ring which are led from the acrylic acid 3 and 
5-dihydroxy-1-adamanthyl are led from AKURIRO (meta) yloxy gamma-butyrolactone which may be 
replaced by alkyl. The constituent according to any one of claims 1 to 8 to contain. 
[Claim 10] 

The constituent according to any one of claims 1 to 9 which contains a basic compound as a quencher. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention relates to the chemical amplification type positive resist composition used for micro 

processing of a semiconductor. 

[0002] 



JP 2004-78153 

[Description of the Prior Art] 

The lithography process which used the resist composition is usually adopted as micro processing of a 
semiconductor. 

In lithography, it is so possible to raise resolution that an exposure wavelength is theoretically short so that 
it may be expressed with the formula of Rayleigh (Rayleigh) of a diffraction limit. 

The exposure light source for lithography used for manufacture of a semiconductor is becoming short 
wavelength every year with g line with a wavelength of 436 nm, i line with a wavelength of 365 nm, and a KrF 
excimer laser with a wavelength of 248 nm. 

The lithography technology which uses the ArF excimer laser with a wavelength of 193 nm which 
furthermore attained short wavelength formation is going to be introduced. 

It inquires energetically also about the electron beam lithography technology which excimer laser 
lithography technology with a wavelength of 1 57 nm is furthermore studied as a next-generation light 
source, and uses an electron beam. 
[0003] 

The thing short as much as possible of the time when the lens used for the exposure machine of such short 
wavelength is put to short-wavelength-eximer-laser light since it is short-life compared with the thing for 
the conventional exposure light sources is desirable. For that purpose, since it is necessary to raise the 
sensitivity of resist, the catalysis of the acid by which it is generated by exposure is used, and what is called 
"chemical amplification type resist" containing the resin which has a basis which **** with the acid is used. 
[0004] 

In [ change with light sources which also use the resin used for resist in the short wavelength formation of 
such a light source, and ] KrF excimer laser lithography, In polyvinyl phenol system resin and ArF excimer 
laser lithography, acrylic resin (patent documents 1) is mainly used. 

[0005] 

[Patent documents 1] 

JP,9-73173,A (the 1-7th page, the 17-22nd page) 
[0006] 

[Problem(s) to be Solved by the Invention] 

However, when these resin was used, performance is still insufficient and this invention persons found out 
that the constituent which a resist pattern falls and improves the poor pattern formation of ****** was 
required. 

While the purpose of this invention is a chemical amplification type positive resist composition suitable for 
excimer laser lithography, such as ArF and KrF, and various kinds of resist performances, such as sensitivity 
and resolution, are good. It is in providing the chemical amplification type positive resist composition in 
which especially the failure by a pattern was improved. 

[0007] 

[Means for Solving the Problem] 

A result of having repeated examination wholeheartedly about a chemical amplification type positive resist 
composition so that this invention persons could solve an aforementioned problem, Various resist 
performances also found out a good thing and it a chemical amplification type positive resist composition 
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which made an alkaline aqueous solution contain the polyglycols of a specific structure using resin of a 
specific structure which becomes meltable in an operation of acid not only gives improved pattern shape, 
but resulted in this invention. 
[0008] 

Namely, although this invention contains a polymerization unit expressed with a lower type (la) and it is 
insoluble or refractory to an alkaline aqueous solution in itself, A chemical amplification type positive resist 
composition containing a compound containing a polymerization unit expressed with resin, an acid generator, 
and a lower type (lb) which become meltable to an alkaline aqueous solution in an operation of acid is 
started. 




(lb) 

(R,, R3, and R4 express a hydrogen atom or a methyl group independently among a formula, respectively, and 

R2 expresses an alkyi group of the carbon numbers 1-4.) 

[0009] 

[Embodiment of the Invention] 

Although the polymerization unit expressed above (la) is contained and it is insoluble or refractory to an 
alkaline aqueous solution in itself, the resin which constitutes the resist composition of this invention is 
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resin which becomes meltable to an alkaline aqueous solution in an operation of acid, and since resolution is 
excellent when this resin is used, it is preferred. 

The polymerization unit expressed above (la) has an unstable basis in acid, and has a basis which 
specifically **** in an operation of acid. 

The polymerization unit shown by a formula (la) has 10 - preferred 90-mol% of range among the whole resin. 
As an example of representation of the monomer led to the polymerization unit expressed above (la), For 
example, acrylic acid 2-methyl-2-adamanthyl, methacrylic acid 2-methyl-2-adamanthyl, acrylic acid 
2-ethyl-2-adamanthyl, methacrylic acid 2-ethyl-2-adamanthyl, acrylic acid 2-n-butyl-2-adamanthyl, etc. 
are mentioned. 

Especially (meta) in these, when acrylic acid 2-ethyl-2-adamanthyl is used, since sensitivity and 

heat-resistant balance are good, it is desirable. 

[0010] 

(Meta) Acrylic acid 2-alkyl 2-adamanthyl can usually be manufactured by a reaction with 2-alkyl 
2-ADAMANTA Norian, its metal salt and acrylic acid halide, or methacrylic acid halide. 
[0011] 

Resin in this invention may contain the polymerization unit which has an unstable basis in acid besides the 
above. 

As an unstable basis, in such acid, specifically, AlkyI ester represented by various ester, for example, the 
methyl ester, and tert-butylester of carboxylic acid; Methoxymethyl ester, Ethoxymethyl ester, 
1 -ethoxyethyl ester, 1-isobutoxy ethyl ester, 1-isopropoxy ethyl ester, 1-ethoxy propyl ester, 
1-(2-methoxyethoxy) ethyl ester, 1 -(2-acetoxyethoxy)ethyl ester, 1 - [2-(1-adamantyloxy) ethoxy] Ethyl 
ester and 1 - [2-(1-adamantane carbonyloxy) ethoxy] Ethyl ester, tetrahydro 2-furil ester, and acetal type 
ester like tetrahydro 2-pyranyl ester; isobornyl ester, alicyclic ester like 1-(1-adamanthyl)-1-alkyl alkyi 
ester, etc. are mentioned. 

The monomer led to the polymerization unit which has such carboxylate, An acrylic thing like methacrylic 
acid ester or acrylic ester (meta) may be used, and like norbornene carboxylate, tricycio decene carboxylate, 
and tetracycio decene carboxylate. What was combined with the alicyclic monomer may be sufficient as a 
carboxylate group. 
[0012] 

Since resolution is further excellent when what has a bulky basis which contains alicycle fellows like 
1-(1-adamanthyl)-1-alkyl alkyI as a basis which **** by operation of acid among such monomers, for 
example is used together, it is desirable. As a monomer containing such a bulky basis, (Meta) Acrylic acid 

1- (1-adamanthyl)-1-alkyl alkyI and 5-norbornene 2-carboxylic acid 2-alkyl 2-adamanthyl, 5-norbornene 

2- carboxylic acid 1-(1-adamanthyl)-1-alkyl alkyI, etc. are mentioned. 
[0013] 

The acrylic ester (meta) of the alicyclic lactone in which the monomer for leading to the polymerization unit 
of alicyclic lactone expressed with a formula (Ic) and (Id) specifically has the following hydroxyl groups, 
those mixtures, etc. are mentioned. These ester can be manufactured by the reaction of alicyclic lactone 
and acrylic acid (meta) which have a hydroxyl group corresponding, for example (for example, 
JP,2000-26446,A). 
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[0014] 




[0015] 

Besides the above-mentioned alicyclic lactone polymerization unit, the polymerization unit of acrylic acid 
(meta) 3-hydroxy-1-adamanthyl, (Meta) The acrylic acid 3, the polymerization unit of 
5-dihydroxy-1-adamanthyl, Each polymerization unit of the AKURIRO (meta) yloxy gamma-butyrolactone in 
which the lactone ring may be replaced by alkyi has high polarity, and its adhesive property to the substrate 
of the resist containing it improves by making those at least one sort exist in resin. These polymerization 
units contribute also to improvement in the definition of resist again. 
[001 6] 

(Meta) Acrylic acid 3-hydroxy-1-adamanthyl, the acrylic acid (meta) 3, and 5-dihydroxy-1-adamanthyl can 
also be manufactured by making hydroxy adamantane corresponding, for example react to acrylic acid 
(meta) or its halide, although marketed. AKURIRO (meta) yloxy gamma-butyrolactone, A lactone ring. 
[ whether acrylic acid or methacrylic acid is made to react to alpha- or beta-bromo-gamma-butyrolactone 
which may be replaced by alkyI, and ] Or it can manufacture by making acrylic acid halide or methacrylic acid 
halide react to alpha- or beta-hydroxy-gamma-butyrolactone in which the lactone ring may be replaced by 
alkyl. 
[0017] 

Here as a monomer for leading to the polymerization unit of AKURIRO (meta) yloxy gamma-butyrolactone. 
For example, alpha-AKURIRO yloxy gamma-butyrolactone, alpha-meta-KURIRO yloxy 
gamma-butyrolactone, alpha-AKURIRO yloxy beta, beta-dimethyl- gamma-butyrolactone, the 
alpha-meta-KURIRO yloxy beta, beta-dimethyl- gamma-butyrolactone, alpha-AKURIRO yloxy 
alpha-methyl-gamma-butyrolactone, alpha-meta-KURIRO yloxy alpha-methyl-gamma-butyrolactone, 
beta-AKURIRO yloxy gamma-butyrolactone, beta-meta-KURIRO yloxy gamma-butyrolactone, 
beta-meta-KURIRO yloxy alpha-methyl-gamma-butyrolactone, etc. are mentioned. 
[0018] 

Although the resin used by this invention is changed according to the kind of radiation for patterning 
exposure, the kind of basis unstable in acid, etc., it is preferred to contain the polymerization unit which has 
an unstable basis in acid in the 10-80-mol% of range generally. And as an unstable basis, acrylic acid (meta) 
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2- alkyl 2-adannanthyl, when using the polymerization unit of acrylic acid 1-(1-adamanthyl)-1-alkyl alkyi 
further (meta), and especially when, it is advantageous to acid that these units use more than 15 mol % 
among the whole resin. 

As polymerization units other than the polymerization unit of acrylic acid (meta) 2-alkyl 2-adamanthyl and 
acrylic acid (meta) 1-(1-adamanthyl)-1-alkyl alkyI, (Meta) The polymerization unit of acrylic acid 

3- hydroxy-1-adamanthyl, (Meta) The polymerization unit of the acrylic acid 3, 5-dihydroxy-1-adamanthyl, 
and alpha-(meta) AKURIRO yloxy gamma-butyrolactone, When making the polymerization unit of 
beta-(meta) AKURIRO yloxy gamma-butyrolactone, etc. exist, it is preferred to make it those sum totals 
serve as 1 0-75-mol% of a range among the whole resin. 

[001 9] 

Next, the compound (it may be hereafter called polyglycols.) containing the polymerization unit expressed 
with the lower type (lb) in this invention is explained. 




(lb) 

(R3 and R^ express a hydrogen atom or a methyl group independently among a formula, respectively.) 
As these polyglycols, a polyethylene glycol, a polypropylene glycol, etc. are specifically mentioned. 
The content in the constituent of these polyglycols has 0.01 to 5 preferred weight section to resin 100 
weight section. If the content of these polyglycols is this range, the developing solution solubility of an 
unexposed part is also low, and is preferred. [ of content ] Although suitably selected about the molecular 
weight of the polyglycols in this invention according to the kind of resist composition, weight average 
molecular weight is usually 5000 or less [ 500 or more ]. 
[0020] 

The acid generators in this invention can be various kinds of compounds which generate acid by irradiating 
with radiation the substance itself or the resist composition containing the substance. For example, onium 
salt, alkyI halide triazine compound, a disulfon system compound, the compound that has a 
diazomethanesulfonyl skeleton, a sulfonic ester system compound, etc. are mentioned. It is as follows when 
the example of such an acid generator is shown. 
[0021] 

Diphenyliodonium Trifluoro methanesulfonate, 
4-methoxypheny phenyliodonium Hexafluoroantimonate, 
4-methoxypheny phenyliodonium Trifluoro methanesulfonate, 

Bis(4-tert-buthylphenyl)iodonium Tetrafluoroborate, bis(4-tert-buthylphenyl)iodonium 
Hexafluorophosphate, 
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Brs(4-tert-buthylphenyl)iodonium Hexafluoroantimonate, 
Bis(4-tert-buthylphenyl)iodonium Trifluoro methanesulfonate, 
[0022] 

Triphenylsulfonium Hexafluorophosphate, 

Triphenylsulfonium Hexafluoroantimonate, 

Triphenylsulfonium Trifluoro methanesulfonate, 

4-methoxypheny diphenyl sulfonium Hexafluoroantimonate, 

4-methoxypheny diphenyl sulfonium Trifluoro methanesulfonate, 

p-tolyl diphenyl sulfonium Trifluoro methanesulfonate, 

p-tolyl diphenyl sulfonium Perfluoro butane sulfonate, 

p-tolyl diphenyl sulfonium Perfluorooctanesulfonate, 

2,4,6-trimethyl phenyl diphenyl sulfonium Trifluoro methanesulfonate, 

4-tert-buthylphenyl diphenyl sulfonium Trifluoro methanesulfonate, 

4-phenylthiophenyl diphenyl sulfonium Hexafluorophosphate, 

4-phenylthiophenyl diphenyl sulfonium Hexafluoroantimonate, 

1 -(2-naphtoylmethyl)thiolanium Hexafluoroantimonate, 

1- (2-naphtoylmethyl)thiolanium Trifluoro methanesulfonate, 
4-hydroxy-1-naphthyl dimethyl sulfonium Hexafluoroantimonate, 
4-hydroxy-1-naphthyl dimethyl sulfonium Trifluoro methanesulfonate, 
Cyclohexylmethyl (2-oxocyclohexyl) sulfonium Trifluoro methanesulfonate, 
Cyclohexylmethyl (2-oxocyclohexyl) sulfonium Perfluoro butane sulfonate, 
Cyclohexylmethyl (2-oxocyclohexyl) sulfonium Perfluorooctanesulfonate, 

2- oxo 2-phenylethyl Thia cyclopenta NIUMU Trifluoro methanesulfonate, 
2-oxo 2-phenylethyl Thia cyclopenta NIUMU Perfluoro butane sulfonate, 
2-oxo 2-phenylethyl Thia cyclopenta NIUMU Perfluorooctanesulfonate 
[0023] 

2-methyl-4,6-bis(trichloromethyl)-1,3,5-triazine, 
2, 4, 6-tris (trichloromethyl)-l ,3,5-triazine, 

2-phenyl-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-(4-chlorophenyl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(4-methoxypheny)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(4-methoxy-1-naphthyl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 

2-(benzo [d] [1,3] dioxolane 5-yl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(4-methoxy styryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 

2-(3,4,5-trimethoxy styryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(3,4-dimethoxy styryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(2,4-dimethoxy styryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 

2-(2-methoxy styryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 

2-(4-butoxy styryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 

2-(4-pentyloxy styryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 

[0024] 
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Diphenyl Disulfon, 

Di-p-tolyl Disulfon, 

BisCphenyl slufonyOdiazomethane, 

Bis(4-chlorophenyl sulfonyOdiazomethane, 

Bis(p-tolyl sulfonyOdiazomethane, 

Bis(4-tert-buthylphenyl sulfonyOdiazomethane, 

Bis(2,4-xylylsulfonyl)diazomethane, 

Bis(cyclohexylsulfonyl)diazomethane, 

(BenzoyO Diazomethane (phenyl slufonyl), 

[0025] 

1- benzoyl-1-phenylmethyl P-toluene sulfonate (common-name benzoin tosylate), 

2- benzoyl-2-hydroxy-2-phenylethyl P-toluene sulfonate (common-name alpha-methylolbenzoin tosylate), 
1 ,2,3-benzenetriyl Tris methanesulfonate, 

2,6-dinitrobenzyl P^oluene sulfonate 
2-nitrobenzyl P-toluene sulfonate 
4-nitrobenzyl P-toluene sulfonate 
[0026] 

N-(phenylsulfonyloxy)succinimide, 
N-(trifluoromethyl sulfonyloxy)suGcinimide, 
N-(trifluoromethyl sulfonyloxy)phtalimide, 

The N-(trifluoromethyl sulfonyloxy)-5-norbomene 2, 3-dicarboxyimide, 
N-(trifluoromethyl sulfonyloxy)naphthalimide, 
N-(10-camphor sulfonyloxy) NAFUTARU imide etc. 
[0027] 

In the resist composition of this invention, the performance degradation by inactivation of the acid 
accompanied by an organic base compound every length after exposure by adding as a quencher is 
improvable. As an organic base compound, especially a nitrogen-containing basic organic compound is 
preferred. As a concrete example of such a nitrogen-containing basic organic compound, the amines shown 
by each following formula can be mentioned. 
[0028] 




11 



JP 2004-78153 

[0029] 




[0033] 

R'^, R'^, and R'^ express a hydrogen atom, alkyi, cycloalkyi, or aryl independently among a formula, 
respectively. This alkyI, cycloalkyi, or aryl may be independently replaced by the hydroxyl group, the amino 
group, or the alkoxy group of the carbon numbers 1-6, respectively. This amino group may be replaced by 
the alkyI group of the carbon numbers 1-4. This alky! has about one to six preferred carbon number, this 
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cycloalkyi has about five to ten preferred carbon number, and this aryl has about six to ten preferred carbon 
number. 

R''*, R'^, and R'^ express a hydrogen atom, alkyi, cycloalkyi, aryl, or ARUKOKISHI independently, respectively, 
this alkyI, cycloalkyi, aryl, or alkoxy ** — respectively — independent — a hydroxyl group, an amino group, 
or the alkoxy group of the carbon numbers 1-6 — it may be come out and replaced. This amino group may 
be replaced by the alkyI group of the carbon numbers 1-4. This alkyI has about one to six preferred carbon 
number, this cycloalkyi has about five to ten preferred carbon number, this aryl has about six to ten 
preferred carbon number, and this alkoxy ** and about one to six carbon number are preferred. R" 
expresses alkyI or cycloalkyi. this alkyI or cycloalkyi — respectively — independent — a hydroxyl group, an 
amino group, and the alkoxy group of the carbon numbers 1-6 — it may be come out and replaced. This 
amino group may be replaced by the alky! group of the carbon numbers 1-4. This alky! has about one to six 
preferred carbon number, and this cycloalkyi has about five to ten preferred carbon number. 
A expresses alkylene, carbonyl, imino, a sulfide, or disulfide. As for this alkylene, it is preferred that it is 
about two to six carbon number. 

In R'^ - R'^, the any may be sufficient about what can take both straight chain structure and branching 
structure. 

However, no R'^ in said formula [3] compound, R'^, and R'^ are hydrogen atoms. 

It may be the same, or may differ, a hydrogen atom, the alkyI group of 1-6 carbon numbers, the amino alkyI 

group of 1-6 carbon numbers, the hydroxyalkyi group of 1-6 carbon numbers, 6-20 substitution, or an 

unsubstituted aryl group is expressed, and R'^ - R^' are here. 

It may combine with each other and R'^ and may form the ring. 

[0034] 

As such a compound, specifically Hexylamine, heptyl amine, Octyl amine, nonyl amine, decyl amine, aniline, 
2-, 3-, or 4-methylaniline, 4-nitroaniline, 1- or 2-naphthylamine, ethylenediamine, A tetramethylenediamine, 
hexamethylenediamine, 4,4'-diamino-1 ,2-diphenylethane, 4,4'-diamino-3,3'-dimethyldiphenylmethane, 
4,4'-diamino-3,3'-diethyldiphenylmethane, Dibutyl amine, dipentylamine, dihexyl amine, diheptylamine, 
Dioctyl amine, dinonyl amine, didecyl amine, N-methylaniline, Piperidine, diphenylamine, triethylamine, 
trimethylamine, Tripropylamine, tributylamine, tripentylamine, trihexyl amine, Triheptyl amine, trioctylamine, 
TORINO nil amine, tridecyl amine, Methyldibutyl amine, methyl dipentylamine, methyldihexyl amine, 
methyldicyclohexylamine, methyl diheptylamine, methyldioctyl amine, methyldinonyl amine, methyldidecyl 
amine, Ethyldibutyl amine, ethyl dipentylamine, ethyldihexyl amine, ethyl diheptylamine, ethyldioctyl amine, 
ethyldinonyl amine, ethyldidecyl amine, dicyclohexyl methylamine, tris [2-(2-methoxyethoxy) ethyl] Amine, 
tri-isopropanolamine, N.N-dimethylaniline, 2,6-isopropylaniline, imidazole, pyridine, 4-methylpyridine, 
4-methyl imidazole, a bipyridine, 2,2'-dipyridyl amine, Di-2-pyridyl ketone, 1 ,2-JI (2-pyridyl) ethane, 1 ,2-JI 
(4-pyridyl) ethane, 1,3-JI (4-pyridyl) propane, 1,2-bis(2-pyridyl)ethylene, 1 ,2-bis(4-pyridyl)ethylene, 
1 ,2-bis(4-pyridyloxy)ethane, A 4,4'-dipyridyl sulfide, 4,4'-dipyridyl disulfide, 1 ,2-bis(4-pyridyl)ethylene, 2, 
and 2'-dipicolylamine, 3 and 3'-dipicolylamine, tetramethylammonium hydroxide, Tetraisopropyl ammonium 
hydroxide, tetrabutylammonium hydroxide, Tetra-n-hexyl ammonium hydroxide, tetra-n-octyl ammonium 
hydroxide, phenyltrimethylammonium hydroxide, 3-(trifluoromethyl) phenyltrimethylammonium hydroxide, 
Kolin, N-methyl pyrrolidone, Dimethylimidazole etc. can be mentioned. 
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[0035] 

The hindered amine compound which has the piperidine skeleton which is indicated by JP,1 1-52575,A can 

also be made into a quencher. 

[0036] 

It is preferred to contain an acid generator by 0.1 to 20 weight section, and to contain polyglycols in the 
range of 0.01 to 5 weight section in the resist composition of this invention, to resin 100 weight section 
which becomes meltable to an alkaline aqueous solution in an operation of acid, in itself, although it is 
insoluble or refractory to an alkaline aqueous solution. 

When using the basic compound as a quencher, it is preferred to contain to resin 100 weight section of a 
resist composition at the range of 0.001 to 1 weight section and a rate of further 0.01 to 1 weight section 
similarly. 

The constituent of this invention can also contain a small amount of various kinds of additives, such as a 
sensitizer, a dissolution retardant, other resin, a surface-active agent, stabilizer, and a color, if needed. 
[0037] 

The resist composition of this invention usually turns into a resist composition of a fluid, where each of 
above-mentioned ingredients are dissolved in a solvent, and it is applied in accordance with conventional 
methods, such as spin coating, on bases, such as a silicon wafer. The solvent used here dissolves each 
ingredient, has a suitable drying rate, after a solvent evaporates, it gives a uniform and smooth coat, and the 
solvent which should generally just be used in this field can use it. For example, the glycol ether ester like 
ethylcellosolve acetate, methyl-cellosolve acetate, and propylene-glycol-monomethyl-ether acetate; Ethyl 
lactate, Butyl acetate, amyl acetate and ester species; acetone like ethyl pyruvate, methyl isobutyl ketone, 
2-heptanone, and the ketone like cyclohexanone; the cyclic ester like gamma-butyrolactone can be 
mentioned. These solvents are independent, respectively, or can be combined two or more sorts and can be 
used. 
[0038] 

It is applied on a base, and exposing treatment for patterning is performed, and after performing 
heat-treatment for subsequently promoting a deprotection group reaction, negatives are developed by the 
dried resist film with an alkali developing solution. Although the alkali developing solutions used here can be 
various kinds of alkaline aqueous solutions used in this field, generally the solution of tetramethylammonium 
hydroxide or trimethylammonium (2-hydroxyethyl) hydroxide (common-name Kolin) is used in many cases. 
[0039] 
[Example] 

Although an example is given to below and this invention is explained to it still more concretely, this 
invention is not limited at all by these examples. Among an example, the "part" showing the amount used is 
a weight reference, as long as there is no special mention. 

[0040] 

Physical-properties measurement of resist resin and evaluation of the resist composition were performed 

by the following methods. 
<Weight average molecular weight> 

By the gel permeation chromatography (GPC), it asked for polystyrene as a reference standard. 
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[0041] 

<Effective sensitivity> 

After exposing the resist film formed on the silicon wafer which applied the organic antireflection film, 
after-exposure bake was performed promptly, it ranked second, negatives were developed with the alkali 
developing solution, and the resist pattern was formed. A 0.16-micrometer line and space pattern displayed 
with the light exposure used as 1:1. 
[0042] 

<Douse margin> 

It expressed with the difference with a light exposure until the light exposure which the pattern of a 

0.16-micrometer line and space resolves, and its pattern are lost. 

[0043] 

<Pattern shape> 

When the top shape of the resist of a line pattern where a 0.16-micrometer line and space pattern was set 
to 1:1 was a rectangle and it was 0 and T-top shape, it was displayed as x. 



[0044] 

The example 1 (composition of the resin A1) of resin composition 

(Methacrylic acid 2-ethyl- 2 - Composition of adamanthyl / methacrylic acid 3-hydroxy-1-adamanthyl / 
5-meta-KURIRO yloxy 2, and 6-norbornane carbo lactone copolymer (resin A1)) 

Methacrylic acid 2-ethyl-2-adamanthyl, methacrylic acid 3-hydroxy-1 -adamanthyl, The mole ratio 2:1:1 
(1 1.2g : 5.3g : 5.0g) was taught for the 5-meta-KURIRO yloxy 2 and 6-norbornane carbolactone, the 1 and 
4-dioxane 50g was added, and it was considered as the solution, there — as an initiator — 
azobisisobutyronitrile — 2-mol% of total monomers — after adding, temperature up was carried out to 85 **, 
and stirring was continued for 5 hours. Then, the operation which fills a lot of heptane with a reaction mass, 
and is crystallized was repeated 3 times, and when resin was refined, the copolymer 6.3g (29% of yield) of the 
molecular weight 9300 was obtained. This copolymer has each unit expressed with a following formula. 
Let this be the resin A1 . 





o 



X 



[0045] 
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[0046] 

The example 2 (composition of the resin A2) of resin composition 

Methacrylic acid 2-ethyl-2-adamanthyl, methacrylic acid 3-hydroxy-1-adamanthyl, And alpha - preparing 
meta-KURIRO yloxy gamma-butyrolactone by the mole ratio (: [ : / 20.0 copies of / 9.5 copies of] 7.3 
copies) of 5:2.5:2.5, and receiving total monomers — twice [ amount ] of duplexs as many methyl isobutyl 
ketone as this — in addition, it was considered as the solution, receiving the amount of total monomers in 
azobisisobutyronitrile as an initiator there — 2-mol % — it added and heated at 80 ** for about 8 hours. 
Then, operation of having filled a lot of heptane with reaction mixture, and settling it was performed 3 times, 
and was refined. As a result, weight average molecular weight is abbreviation. The copolymer of 9,200 was 
obtained. This copolymer has each unit shown with a following formula. 
Let this be the resin A2. 



[0047] 




[0048] 

Next, it evaluated by preparing a resist composition using the raw material shown in the following besides 
the resin A1 obtained in the above example of resin composition, and A2. 

[0049] 
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<Acid generator> 

B1: (thiodi-4,1-phenylene) Screw diphenyl sulfonium Screw (perfluoro butane sulfonate) 
B2:1-(3,3-dimethyl 2-oxo butyl) tetrahydro thio FENIUMU Trifluoro methanesulfonate 
B3: p-tolyl diphenyl sulfonium Perfluorooctanesulfonate 

<Quencher> 

CI: 2,6-diisopropylaniline, 
<Additive agent> 

D1: Polypropylene glycol (made by Wako Pure Chem) 
D2: Polyethylene glycol (Asahi Denka Kogyo TN-80) 

<Solvent> 

E1: Propylene-glycol-monomethyl-ether acetate 24.5 copies 

2-heptanone 28.0 copies 

Propylene glycol monomethyl ether 1 4.0 copies 

gamma **BUCHIRU lactone 3.5 copies 

E2: Propylene-glycol-monomethyl-ether acetate 28.0 copies 

2-heptanone 28.0 copies 

Propylene glycol monomethyl ether 1 4.0 copies 

E3: Propylene-glycol-monomethyl-ether acetate 66.5 copies 

gamma **BUCHIRU lactone 3.5 copies 

[0050] 

Examples 1-3 and the comparative examples 1-3 

After using as a homogeneous solution each ingredient shown in Table 1 , it filtered with the filter made of a 
fluoro-resin with the aperture of 0.2 micrometer, and the resist composition solution was prepared. 
[0051] 

Apply to a silicon wafer "AR-19 " which is a constituent for organic antireflection films made from Brewer, 
and 225 **, By carrying out bake on the conditions for 60 seconds, the 820-A-thick organic antireflection 
film was made to form, and the spin coat was carried out so that the thickness after drying the 
above-mentioned resist liquid might subsequently be set to 0.285 micrometer on this. After resist liquid 
spreading was prebaked for 60 seconds at 1 00 ** on the direct hot plate. In this way, to each wafer in which 
the resist film was formed, he is an ArF excimer stepper. Using ["NSR ArF" by NIKON CORP., NA=0.55], the 
light exposure was changed gradually and the line and space pattern was exposed. 
After exposure performed post-exposition jar bake for 60 seconds at the temperature of the statement 
among a table on the hot plate, respectively, and performed paddle development for 60 seconds in 
tetramethylammonium hydroxide solution further 2.38% of the weight. 

It is a thing on an organic antireflection film board, the bright field pattern after development was observed 
with the scanning electron microscope, and the result was shown in Table 2. With the bright field pattern 
said here. An outer frame is obtained by the exposure and development through the reticle which carries out 
a glass surface (translucent part) with a base inside the frame and by which the chromium layer (light 
shielding layer) was formed in line form by the chromium layer (light shielding layer), Therefore, after 
exposure development is a pattern in which the regist layer around a line and space pattern is removed, and 
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the regist layer of an outer frame remains in the outside further. 

[0052] 

[Table 1] 
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HJIMl kl/Vm Bl/0.17aii Cl/0.02gB Dl/O.ISE El 
E2/0. 

mm{2 M/im bi/o.i7b& ci/o.o2as w^.m e2 

B2/0.5SE 

%Wi^ A2/103E B3/0.2SE C1/0.00753& D2/0.1SK E3 



Jtti^l Al/lOiS Bl/0.17gU Cl/0.02aS - El 
B2/0. 5BiS 

^«^2 Al/lOgB B1/0.17M Cl/0.02gS - E2 
B2/0.5SE 

Jt^3 A2/10gE B3/0.2gB C1/0.0075S& - E3 



[0053] 
[Table 2] 
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M^Q. mm& y-r^-y^) A*-i?ms /i^->m^ 

(m J/cDi2) CmJ/cmS) T K /f X HWf 

1 37 10 100/120 O 

mM^2 3 1 4 1 0 0/1 2 0 O 

mtim3 1 8 1 3 1 3 0/1 3 0 O 



ItmM 1 31 5 100/120 X 

ltWtM2 2 8 3 1 0 0/1 2 0 X 

1 8 1 2 1 3 0/1 3 0 X 



[0054] 

Thus, in the example, without completely reducing sensitivity and resolution, shape became good, the failure 

by a pattern and peeling were improved, and the douse margin also spread. 

[0055] 

[Effect of the Invention] 

Pattern shape improves, and a douse margin spreads, and many resist performances of the chemical 
amplification type positive resist composition of this invention, such as sensitivity and resolution, are also 
good. Therefore, this constituent can be used conveniently for the lithography which uses a KrF excimer 
laser, an ArF excimer laser, etc. 



[Translation done.] 
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^m#(Dm'mtiaxicii. mn. x mm * ffl /c u v ^ 7 7° n -t x a m ^ n 

T D . y V ^ 7 ^' T !± . b ^ U - (Ray 1 e i g h ) © © Jjf PS W © S S ^ 

ilS. mm 2 4 8 n m (D K T F ^ ^ U ~ V' ~ t . ^^ffi?^ftlc:^-3T#T*5i9. ^6 

® * ft ^ H -3 /c M * 1 9 3 n m © A r F X 4^ V b - -ff ~ - ffl L /c U V ^ 7 ^' S 10 
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[ 0 0 0 9 ] 

:^mm(DUi^x hmj^m^mj^T ^mmii. ±e ci a) -ea^nsa^-^ffi^&^WL. 

±E (I a) Tg^tisa^-^ffitt. Kic^ss^a^WL. MftWicttK©ftMi?»s 

f s a^^r L T s o 

S M a ) T ^ ^ S a ^ iii , Sf S§ ^ f* © -5 1 0 ~ 9 0 ^ ;l/ °6 tT) |g H » S L 1^ o 
± IB (I a ) T a ^ n S a ^ iii if < ^ y V - © f-t g i; L T !± . M ;^ if 7 y 1; ;l/ » 2 

-y^^^v-z-r^^'x-y?^;!/, ^ ^ ^ V )vm 2 - ^ ^ )V - 2 - 7 y f- )V . 7 ^ v Ji^m 
2 -x9";l/- 2 -7^vyg^;l/, ^ U 2 -xg^;l/- 2 - 7 y 7 U ;1/ 
K2-n-:/9^;l/-2-7^vyg^;l/^Hjb^^jfe,nSo 

c:n?)O^T't±, #1;: ( ^ ) 7 U 2 - x ;i/ - 2 - 7 ^ v y M /i 

mm. mm'\t<D/%'7yxtf^§:h^(Dr^9f^Li^o 40 
[0010] 

(y^) 7 y U 2 - 7;l/^;l/- 2 - 7 y 2 - 7;l/^;l/ - 2 - 7 ^ 

vy^y-;l/Xtt^©^Si^i:7^'U;l/K/>^^ FXtt^^^'J;V^^>^^ Kii^SiSt 

D » j1 ^ ^ o 
[0011] 

^ © d * » S S * a i; L T . Jl f* W {c i± , ;V y » © # a X X r ;l/ . M ;i a\ ^ 
^;l/xXT-;l/&tft e r t-y^;l/xxx;l/fc;ftg^nS7;l/4^;l/xxr;l/; ^h^i/y 
■9^;1/xXt-;1/. xh4^>'^-5^;l/xx-r;l/. i-xh:^^i/x^;Vxx-r;V. i-^V^h^ 50 
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S/ X ^ ;l/ X X x ;l/ . 1 - ^ V 7° n 4^ i/ X ^ ;l/ X X x ;l/ . 1 - x h 4^ i/ 7° n t° ;1/ x x x ;V 
. 1- (Z-^h^i/xhit^i/) x^;l/XXx;l/. 1- (Z-T-feh^i/xh^^i/) x^ 
;l/XXx;l/. 1- (2 - (l-T^^vy^;!/;^^^^/) xh^i/] x^;l/XXx;l/^. 1- 
( 2 - ( 1 - 7 V y ^ y ;l/ - ;l/ 4^ i/ ) x h 4^ i/ ] x ^ ;1/ x x x . x h ^ t F n 

- 2 - 7U;l/xxx;l/&t;x h^t Fn - 2 -t°^:^;Vxxx;V©<fc5^7-fe^-;l/Sx 
Xx;l/ ; ^ v.-K;l/:^;Vxxx;l/. i - c i - 7 v y ^ - i - 7 ;l/4^ ;1/ 7 ;l/4^ ;l/x x 
X CD j; 9 ^ J3i S S X X X ;l/ * H is 5 n § o 

;icDj;9^;!7;Vd^~yKxxx;V^Wrs«^-^ffi'\»<tyv-{±. ^^r^y;l/^xxx 
;i/^7 y ;i/Kxxx;V© J; 9 ^ (^^) 7 U © j; L. / ;l/ ;l/ ^ y * 

;l/ .-K y ^ X X X ;V . h U n x -fe y * ;!/ y K x X x ;1/ ^ x h ^ ^ n x -fe y * ;1/ y 10 
»xxx;l/® J; 9 ;^;l/4^~yKxxx;l/a*^J3g^Sty v-ic^^Lfc t ©-et j;i/^c 
[00 1 2 ] 

y^;l/) - 1 - 7;l/^;l/7;l/^;KDj;^^Sg]lR^^CyS^^^a*Wr§fe©^f?fffl-r§ 

7^^y;V^i- ( 1 - 7 y - 1 - 7;1/4^;1/7;1/4^;1/. 5 - / ;1/ .i^' ;1/ ^ y 

- 2 - ;l/ y K 2 - 7 ;V 4^ - 2 - 7 ^ v y ^ ;l/ , 5 - 7 ;l/ :t- y - 2 - ;^ ;V >-3^~ y K 

1 - ( 1 - 7 v y ^ ;iy ■) - 1 - 7 ;l/ 4=- 7 ;l/ 4=- i;' ^ if ^ n ;g, o 
[0013] 

s (I c) . (I d) vm^ti^mm^^ h yiDm^^iiLicm< rcibo^ y ^-i±. m 20 
i^ff^icitm^iSs ^^<D J; 9 ^7j<Ka^wr sflg^s^ h c^^?) 7^^y;i/Kxxx 
^ (DU-^^mti^mif ^ ti?> o en (Dxxx;i/t±. Mx.tf ^js-r«7i<^a;&^-r 

0 - 2 6 4 4 6 ^^^) o 



[00 1 4 ] 
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S/c. ±fHflg3lS^ y h yM^mficDfiflt (y^) 7 ^ U ;l/«3 - t Fn:^>^- 1 -7^* 

V y ^ ;l/ © M ^ # ffi . ( ^ ) 7 ^7 i; ;i/ ^ 3 , 5 - t: F n 4^ - 1 - 7 v y ^ ;1/ © M 40 

^i7Fy3g;?j^7;iy4^;ly-t;Hi^?nTl^Tfej;i/^ (;^^) 7^'Un^n4^v'-y- 
7'^n ^ i7 F y ©M^^ffitt., l> T tx t g S A'^ a < s ^ n 5 © ii> ^ < il 1 « ^ ^Sg ^ t 
cl i; t j; D , ^ ti ^ # U S>' X h co S ft -\ © g« tt ^ ± "T ^ c cn?>£D«^ 

[0016] 

^ ) 7 ^ ij 3 - H F n 4^ J/ - 1 - 7 y ( y ^ ) 7 i7 V )Vm 3 . 5 - ly 

h F n J/ - 1 - 7 V y ^ ;V a . m IS ? ti T i.^ S M ^ iS T S t F n J/ 7 v 
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T'^So S/c. (^^?) 7^^yn^n4^i/-y-7'^n^^^Fyt±. ^^FyS*^7;l/^ 
;V'^'KM?nTi/^TfeJ;i/^a-tL<a/S-7'nt-y-7'^n^^7Fyfc:7^^y;l/^fe 50 



(7) 



JP 2004-78153 A 2004. 3. 11 



a - L < li p - \^ ¥ u^iy - y - y'i'u ^ h yic7 V ^-YFfeL<a^^f^ 
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H'X (4-t e r t - 7"9";V7x:^;l/) 3-F-'^i. -N^+?-7;I/;tn7y^*^-F. 

ex (4-t e r t - 7"^;l/7x:^;l/) s-F-'^^A ^y7;l/;t^^^ryx;l/4-^:7^-^ 

[ 0 0 2 2 ] 

h y 7 X :^ ;l/ X ;l/ - 7 A ^ -9* 7 ^ d .ts X 7 x - F , 

hU7x-;l/X;l/>-^-7A -N^^t7;l':i-D7y^t^. - F, 

h U 7 X - ;l/ X ;l/ 7 A F 'J 7 ;1/ ^ n ^ ^? y x - h . 

4 - ^ F^v'7x:^;^S>^7x:^;^X;^J}-^:::'^i^ -x4^'9-7;l'4-P7y^*:?-- F. 

4 - ^ F ^ 7 X ;l/ 7 X ;l/ X ;l/ - A F U 7 ;1/ n ^ y X ;1/ - F ^ 

P - F y ;F 7 X :^ ;F X ;F - 7 A F U 7 * n ^ y x ;1/ - F ^ 

p - F U ;l/ 7 X :^ ;l/ X ;l/ .-J-^ - 7 A - 7 ;F ^ n 7 ^ y X ;F - F . 

p - F U 7 X :^ ;l/ X ;l/ 7 A - 7 ;1> ^ D :t ^ ^ y X ;F ^- - F . 

2 , 4 , 6 - F 'J ^ ;F 7 X :^ ;F 7 X ;l/ X ;l/ - 7 A F U 7 * n ^ ^? y X ;1/ >t> ^- 

- F . 

4-t e r t - 7 ^ 7 X ;l/ 7 X ;l/ X ;l/ 7 A F U 7 n ^ ^? y X ;!/ - 
F . 

4-7x:^;l/9"^7x:^;l/S>'7x^;l/X;l/.i->:^7A -N^+?-7;l/^n.i->X7x-F. 
4 - 7x:^;F^;t7x:^;FS>'7x:::;l/X;l/4->-7A -N4^-9-7;V*n7y^*:t--F. 

1- (2--t7Fi';i/^^;i/) ^:t^-7A ^^^y)Vtr='7yfe^^-hs 

1- (2--t7h^;b^f-;b) f-:t^-7A FU7;^*D^^yx;l/4-^^--F. 

4 - e Fn:^S/- 1 - ■t7^;Fi^'^^;l/X;l/i^:::7A ^^^y)V:tti7yfe^^-hs 
4 - e F n ^ - 1 - :^ 7 9" ;l/ ^ 9" ;l/ X ;l/ :^ 7 A h V y t vn ^ ^ y 7. h 

^ u-\:iry^ )l ^ )l ( 2 - t ^ V "7 T2 ^ ^ )l ) X ;b .-^ - 7 A F U 7 71/ n ^ ^? y 

X ;l/ - F , 

i7 n 4^ ;l/ ^ ^ ;l/ ( 2 - :t ^ V ^ u i/ )i) X ;l/ - 7 A - 7 ;1/ 4" n :7~ ^? y 
X ;l/ ^- - F ^ 

J/ ^ n -N ;l/ ;^ f- ;l/ ( 2 - ;t 4^ V i/ n -n 4^ i/ ;1/ ) X ;1/ - 7 A - 7 ;^ * n * ^ 
y X ;i/ - F . 

2- ;t^V-2-7x:::;l/X^;l/ ^7>'^^n^y^r:::7A FU7;l';tn^^fyX;F>-}-> 

- F . 

2-;e-4^V-2-7x:^;l/X^;l/ ^7>'^n--Ny:J?-7A /^-7;^^^7'^yX;^>1-^ 

- F . 

2-;^-4^V-2-7xx;l/X^;l/ 9^7i/7n^y^x7A /^-7;l/^n;i-i7:$?yX;l/ 

^ - F 
[ 0 0 2 3 ] 

2-^^;l/-4, 6 - ex (Fy^'nn^^;F) - l. 3, 5-FU7S>'y. 
2, 4, e-FUX (FU^'Pn^^;!/) - l. 3, 5-FU7v'y. 
2-7xx;l/-4, 6 - ex ( h V n U :^ f- )V) -1. 3. 5-FU7S>'y. 2 - (4 
-^nn7xx;l/) - 4, 6-ex (FU^nn^^;F) -1. 3, 5-FU7v'y. 
2 - (4-^F^>'7xx;F) - 4, 6-ex (FU^nnpJ9";F) - i, 3, 5-FU 
7 y . 

2 - (4-^F + >'-l--^79^;F) - 4, 6-ex (F'J^nD^f-;F) - l, 3, 5 
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2 - {^y 9 [d] [1, 3] s>';^4^V^y-5-^;l/) - 4, 6-H'x (hui^nn^ 
^ ;i/ ) - 1 , 3 , 5 - h y 7 y . 

2 - (4-^h^>'X^U;l/) - 4, (hU^PP^^;!/) -1. 3. S-hU 

7 y . 

2 - (3. 4, 5-hy^h:^i^X9^y;V) - 4. 6 - ex (hU^PP^^;!/) -1, 

3 , 5 - h U 7 y . 

2 - (3, 4-S>'^h^S/X9"y;V) - 4, 6 - ex (hU^PP^9";l/) -1. 3. 5 

- h y 7 y . 

2 - (2, 4-i/^h^>'X^iJ;l/) - 4, 6 - ex (hUi^np^^;!/) -1, 3, 5 

- h y 7 y . 

2 - (2-^h^>-x^ij;i/) - 4, 6 - ex (hU^PP^^;l/) -1, 3, s-hu 
7 y . 

2 - (4-:/h^s/X9"U;i/) - 4, 6 - ex (hu^^pp^9";i/) - i. a. 
7 y . 

2 - (4--^y^;i/;t^>'X^U;i/) - 4, 6 - ex (hu^^pp^^;!/) - i, a, 5 

- h y 7 y . 

[ 0 0 2 4 ] 

7 X - ;i/ s/ X ;b y . 
- p - h U ;i/ X ;i/ y . 
ex ( 7 X :^ ;l/ X ;l/ :^ ;l/ ) 7 ^ ^ y . 

ex ( 4 - ^ P P 7 X ;l/ X ;l/ ;l/ ) 7 ^ ^? y . 

ex ( p - h u ;i/ X ;i/ :^ ;i/ ) 7 y ^ y . 

ex ( 4 - t e r t - 7 ^ ;l/ 7 X ;l/ X ;i/ - ;i/ ) 7 ^ y . 

ex ( 2 , 4 - ^ u ;i/ X ;i/ :^ ;i/ ) 7 y ^ y . 

ex ( s/ ^ P 4^ i/ ;i/ X ;i/ - ;i/ ) 7 ^ y . 

( y W ;i/ ) ( 7 X :^ ;i/ X ;i/ :^ ;i/ ) 7 y ^ y . 

[ 0 0 2 5 ] 

1 -^y^/^ 1 - 7x:::;i/^^;i/ p-h;i/xyx;i/4->:^^-h Ol^^yy^'yhv' 

h ) . 

2--^yy-r;V-2-eFn4^i/-2-7x:^;i/x^;i/ p-h;l/xyx;l/4->:^^-h (a 
fta-^-3^n-;i/-NyWyh>'U-h) . 

1 , 2 , 3 - y -tr' y h u ^ ;i/ h U X 7< ^ y X ;l/ .-^ - h . 

2 , 6 - :^ h P ^ y ;I/ p - h ;l/ X y X ;l/ — h ^ 
2 - X h p y S/ ;l/ p - h ;l/ X y X ;l/ — h . 

4 - X h p ^ y S/ ;l/ p - h ;l/ X y X ;l/ — h ^ 

[ 0 0 2 6 ] 

N - ( 7 X X ;l/ X ;l/ d-^ X ;l/ ;t ^ ) X ^ i/ y ^' 5 H\ 

N - ( h i; 7 ;i/ ^ p ^ ^ ;i/ X ;i/ .-}-^ X ;i/ :t 4^ s/ ) X ^ S/ y ^ 5 H\ 
N - ( h i; 7 ;l/ ^ p ^ ^ X ;i/ X ;i/ ;t 4^ >- ) 7 ^ ;i/ ^ = H\ 

N - ( h i; 7 ;l/ ^ p ^ 9" X ;l/ X ;i/ ;t 4^ >- ) - 5 - / ;i/ 4^' ;l/ y - 2 , 3 - ;l/ 4^ 
^ 5 H\ 

N - ( h y 7 ;l/ ;t p ^ ^ ;V X ;i/ X ;i/ ;^ 4^ i/ ) i-y . 
N - ( 1 0 - * y 7 r - X ;V X ;V 4^ 1/ ) 7 ;1/ ^ 5 F if o 
[ 0 0 2 7 ] 

*58 0j!©bs>~xMaj?)ctitfc't.^Ttt. wai^aft^ti^^xy^-v-iiLT^tfn-r^^iii 

a f* W ^ M i; L T i± . Ii( T © # S ^ ^ n S 7 5 y H ^ is (f S ii # S o 

[ 0 0 2 8 ] 
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[3] 

[ 0 0 3 3 ] 

R ' ' . R ' ' St; R ' ' {±. ^n^njS jile . jKMIM^. 7;l/^;l/. i7 n 7;l/ 
^ ;l/ X 7 y - ;l/ ^ a -r o M 7 ;l/ 4^ ;l/ , iy ^ u 7 )V ^ )V Xli7 V - )V ii . ^ ti^e nniLlc 

. 7Kmm. 75ya. xammm.! - e (dt ^v^^zyrnvmrn-^nn^r >l ^i.-o ^75 

yaa, 1 ~ 4 ©7;l/^;l/a-eK«^nTV^Tfe j;i/^o S^c^ M7;^^;l/t±. 

ai~6gS*^»lJ:L<. Mi^^n7;l/^;l/a. K*iC5~l 0 nmtS^ttf^ L < . M7U 
- ;l/ . * i5c 6 ~ 1 0 S fi $f S L 1.^ o 

R ' " . R ' ^ & R ' ' a . ^ n ^~ n ?S ji , 7j< S M ? . 7 ;l/ ^ ;l/ . i/ i7 n 7 ;l/ ^ ;l/ . 
7 y - ;l/ X 7 ;l/ r3 i/ ;Sr a -r o M 7 ;1/ 4^ ;1/ . i/ n 7 ;1/ 4^ ;1/ . 7 U - . X t± 7 ;V n 
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/c . M 7 ;i/ ^ ;i/ . mmmi-6mmti^»^h<. m ^ n 7 ;v ^ ;i/ 1± . mmms ~ 1 0 
s fi §f s L < . M 7 y - ;v . K * a 6 ~ 1 0 e a » s L < . mr iMM 

1 ~ 6 S fi §f S L o R ' ' li. 7 )l ^ )V Xi± "7 u 7 }iy ^ }iy ^ o M 7 ;l/ ^ ;l/ X 
a i/ i7 n 7 ;l/ ^ ;l/ a . ^ tx tx Jfi li t . 7Km&. 7 5 / S . jjg S i ~ 6 © 7 ;1/ n i/ S 

. T^Bj^^nri^Tfejci^o m7^ym&. j^*si~4©7;i/^;i/aT'BJt^nTi^T 
fej;t,^o */c. M7;l/^;l/t±. i ~ 6 @a*^§f S L < . ^ ^> ^ p 7 ;l/ . 

S( 5 ~ 1 0 Sfi^^ff S Lt/^o 

Ali . 7 )l^]yy. ti )l =. )]/ . 5 / ^ X ;1/ 7 -f F X X ;l/ 7 -f F ^ S "T c ^7 

^ © -m fe o 

fS L . M IH [ 3 ] f t (e to S R ' ' . R ' ^ 43 i t; R ' li tii, yicM ^ V & ^ 
C i; jS: t/^ o 

R' '~R' ' {±^-^-tS^-3Tl/^Tfej;<. 7i<*Jg?^ KSi5Cl~6fflcD7;I/^;l/a 
^ K^Sc 1 ~ 6 fflcD 7 5 y 7;l/^;l/a. K^SSt 1 ~ 6ffi©h Fn:^i/7;l/^;l/a*/c{± 6 

~2 offlcDB^feL<a^^B^cD7y-;i/a^aL. cc-e 

R ' 9 J, 2 0 5 vM^: IS L T S ^ m )55c L T T t cfc t/ V. 
[ 0 0 3 4 ] 

^ (D ^ ^ rjiit^m t LX . MWff^icii. -\ + ^>;P7 = y. ^7°^;i/7 = y. t^^)V7^ 

/ -;l/75y. •r>';l/75y. 7-Uy^ 2-, 3-Xtt4-^^;l/7-Uy. 4- 
-hn7:^';y. l-Xti2-:P79^;l/75y. X9^pyi?75y. 7"F^^9^Pyi>'7 

-N4^-9-^^^yv'75y. 4, 4' -S>'75y-1, 2-S>'7x:::;l/X^ry, 4, 
4 ' - 7 5 y - 3 , 3 ' - ^ 9" ;l/ 7 X X ;l/ ^ ^ y , 4 , 4 ' - 7 5 / - 3 , 3 ' 

- v>-x9";i/ v'7 X x;i/^ ^? 7 9" ;i/ 7 5 y . y 9^ ;i/ 7 5 y . v'-n^ j^;i/7 5 y . 
'^ 7° ^ 71/ 7 5 y . ^ ^ ^ ;l/ 7 = y . i>V X ;l/ 7 5 y . x >- ;P 7 5 y . N - ^ ^ ;l/ 7 

X u y . b° u v-" y . v-" 7 X :^ ;b 7 = y . h ij X ^ ;l/ 7 = y . h u ^ ^ ;i/ 7 5 y . h U 7° 
nt:°;l/75y. Fi;7^;V75y. FU^y^;l/75y. h V ^^iy )V7 ^ y . h V 

9^;i/75y. FU;i-^^9";i/75y. Fuy-;i/75y. FUri^;i/75y. ^9";i/s>'79" 
;i/ 7 5 y . ^ ;v ^ y ^ ;i/ 7 5 y . ^ ^ ;i/ 4^ ;i/ 7 5 y . ^ ^ ;i/ i/ ^ n -\ s/ ;i/ 

7 5 y . ^ ^ ;v s>' -^ 7 ^ ;i/ 7 5 y . ^ ;i/ s>' ^ ^ ^ ;i/ 7 5 y . ^ ^ ;i/ s>V - 7 5 y . y 

f- )V -y f iy )i'7 ^ y , X -3^ ;l/ i/ 7 -3^ ;l/ 7 5 y . x ^ ;1/ S/ ^ y ^ ;1/ 7 5 y . x f - ;1/ S/ 4^ y 
;l/ 7 5 y . X ^ ;l/ i>" 7 -3^ ;l/ 7 5 y . x ;1/ ;t ^ ^ ;1/ 7 = y\ x ;1/ yV x ;l/ 7 5 y . 
X 9" ;i/ >>■ r y ;i/ 7 5 y . s>" y ^ n ^ + y ^ ;p 7 ^ y . h i; X [ 2 - ( 2 - ^ h ^ y X 
h y ) X ^ ;l/ ] 7 5 y . h 'J V 7° n / - ;l/ 7 5 y . N , N - ^ ^ ;1/ 7 x u y , z 
, 6 - ^ V 7° D ti° ;l/ 7 X U y . 5 ^~ 7 - ;l/ . l£ U y . 4 - y ^ )V \£ V y . 4 - y^ 
^ \£}£Vi^y. 2, 2' - 1^ u ;i/ 7 5 y . - 2 - 1^ U ;i/ ^ F y . 

1 , 2 - ( 2 - k° U ;l/ ) X ^? y . 1 , 2 - ( 4 - U ;l/ ) X ^ y , i , 3 - s>' ( 
4 - h° i; s>" ;l/ ) 7 n y , i , 2 - H' x ( 2 - t° u y ;i/ ) x ^ y y , i , 2 - ii x ( 4 - 
K V y ) X ^ y y , 1 , 2 - e" X ( 4 - ^ v y )]y ^ ^ y ) x y , 4 , 4 ' - h° y y 

;l/ X ;l/ 7 ^' F . 4 , 4 ' - S>" h° U i>" v-" X ;l/ 7 ^' F . 1 , 2 - e X ( 4 - h° y y ;l/ ) X ^ 

by. 2 , 2 ' - y h° n i; ;i/ 7 = y , a , 3 ' - if n y ;i/ 7 5 y . r F ^ ^ ^ ;i/ 7 y t 
X 7 A t F n ^ F . r F ^ ^ 7 7 n H' ;1/ 7 y t x 7 A t F n 4^ F . r F ^ 7 ^ ;1/ 7 y 
^x7At:Fn4^yF. •rF^-n--N4^y;l/7y^rx7At:Fn4^>'F. xF^-n- 
;t^'^;l/7ytx7AtFn4^>'F. 7xx;l/F';^^;l/7ytx7AliFD4^>'F^ 3 

- (FU7;F^tn>if-;l/) 7xx;l/FU^^;F7ytx7AliFn4^yF. nuy, N- 
^ ^ n y F y . s>" ^ ^ ;F ^ 5 ^' 7 - ;F if ^ is S c ir ^ S o 

[ 0 0 3 5 ] 

^e)fc;tt. #11 ¥1 l-5 2 5 7 5^f^|gt|g^^nTI/^SJ;d*. h°^US>'y#l&^W 

•rst:y^''^-F75yft:-a-t)^7xy^-v-i:-r«;ifcfe-e^So 
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[ 0 0 3 6 ] 

i^^f^vT V Jicmmi^^m trs:g>mm I 0 0 mmmicMLx . » m ^ o . 1-20 

mmm. *° U U n - ;HI 0 . 0 1 ~ 5 « M IIP © IE H -f- ^ W -r ^ cl i; » S L o 

MMsnct^LT. 0. ooi~i«Mgp(DiBH. ^e.t(±o. oi~i««ap©fj^-e^ 

wr § u S L t/^ o 

[ 0 0 3 7 ] 10 

* 5e 0^ © b X Mfl iiSc tf !± . a If . ± f B to § i« 5^ ?§ gij t ?§ fli ^ n /c « n » f* © ^ x 

MfliiJcti i; * D . U n > -i; X ii'©a{*±lc: , X fc' y ra - r ^ > * H © 

Hie L /cfi ttsj--c-T?t^^m^^^ s © c-fe^ff i < . ci ©5^ ©T—fs t ffli^ nr 

^ ?§ g'J Jb^ Mffl b 9 ^ o fiJ ^ a\ X ^ ;l/ -fe D V ;V 7 -fe f - h ^ ^ 9^ ;l/ -fe n V ;l/ 7 -fe r 
-hat;:/ni^^y^U3-;l/t/^9";l/x-r;l/7-fer-h©J;9^^Un-;l/x-r 
;l/xx r ;HI ; ?LKx9";l/. K7 5 ;l/ e y Kx 9";1/cd j; ^ ^ x x 

hya ; y -f^t2^^ hycDJ;9^3l«xxx;Hl^i:'^^if§t:i;*^-e#§o 
iin ?) (D m SO a s xt± 2 aK±ii^^^^-yrTfflt.>s c ii a^t^^^o 20 

[ 0 0 3 8 ] 

s#;±ta^^n. ^js^n^c Pi?x Mit ^(DTcibcDn^mmiim-^ n 

So ^ ^r^^h> ^7 )\^^ V mmmii. ii®^>©-eMt/^e,ns#a©7;i/* utt7j<m?g-efe 

SCii*^-^^;^*^ -Mttt, rh^^9";l/7yt:^'^AhFn:^i/F^ (2-hFn:^ 
j/x^;^) h 1; ^ g^;l/7 y t:^ A h F n F Ol^nuy) © 7j<m ?g ffl i/^ n S :i 

[ 0 0 3 9 ] 

[Hffi^n 

7' S o 

[ 0 0 4 0 ] 

;l/ • - 5 X - ^y 3 y • ^7 n V F ^ 7 - ( G P C ) t J; D . U x ^ b y ^ ^ 'if 
ii L T * 46 o 
[ 0 0 4 1 ] 

W S S *f It li ^ m ^ L /c 1; n y -i? X /N - ± tc jfj s)c L /c U X Mi ^ » 7t L /c . It 15 40 

o 0. 16j;im©^^y7yFX^-X>'^^f-y*M:iii:&SS)tM7'a^L/ic 
[ 0 0 4 2 ] 

< F - X V - y > 

0. 1 6 II m"? y7 y ]^ x-^~X(D^^^ - yhmm-r ^m^mt ^<D^^^ -yti^rs < rs 

[ 0 0 4 3 ] 

< ^ - y jf^^ic > 

0. 16^im(D^^y7yFX^ — X/^^? — y*M : I t ^j: ^ ^ y /i ^ — y a} u X h 
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O X 

[ 0 0 4 4 ] 

mm^M 1 imm a i ©^jjSc) 

^ jvm. 2 -x9";V- 2-7 y U 3 - Y. Y n^-^ - \ - T ^ 

vy^;l//5-p<^i'';n^n4^5/-2. 6-y;l//K;l/-^y;^7;l/>-K^^hyitlt-S-f* (® 

A 1 ) ©^fiJc) 

^ :J? ^ ij ;l/ ^ 2 - X ^ ;l/ - 2 - 7 i'* f - ;l/ . ^ ^ U ;1/ » 3 - h F n ^ i/ - 1 - 7 v 
> 9^ ;l/ . 5 - ^ U n -r n ^ v' - 2 , & - J if-^ )\^ -f y-fj )\^ ^ V y ^ ^ jVYc 2 : 1 
:i (11. 2g:5. 3g:5. Og)^f±iZ^5^. 1. 4-S>~;^-^-9-y50g^t)n;l7t 
» i; L /c o ^ c t n a i; L T 7 y H- X ^ y ^ D X h u ;l/ ^ ^ t 7 V - © 2 t ;l/ % An ;l 
/cfl. 8 5 "Ct^rSLT 5 B#P^«r^;&^lt/co ^ © . S iS V X ^ ;^ « (D ^ 7° y a ^' 
IS^efb-r^Sft^ 3 ©^D pML. ^J3g^ffl«L/cilil5^>?M 9 3 0 0 ©««^ft6. 3 

g (iR* 2 9 %) ;&#/co iitD««^fttt. ^^s-eg^ns#^ffi^wr« 



[ 0 0 4 5 ] 




[ 0 0 4 6 ] 

if flg ^ ^ M 2 C if A 2 © ^ fiSc ) 

7 7 7 i; ;l/ K 2 - X -3^ ;l/ - 2 - 7 7' V y -3^ ;l/ , 7 7 7 U ;1/ ^ 3 - F n 4^ >- - l - 7 7* v 

y^;l/. &t5a-777Un^n4^y-y-7~-3^n^7hy^. 5:2. 5:2. 5©^ 

;l/ i:b (20. 0 : 9 . 5 g|5 : 7 . 3 gp ) I? f± ^ . ^ ^ / v - L T 2 M M fS © 7 ^ 

;l/ V 7 ^ ;v ^ h y ^ in X T . t« i: L /i « ^ c t . H i: b r 7 y h~ x ^ y 7 ^ n x 

h y ;i/ ^ t y V - M t L T 2 t ;i/ % ^ An L . 8 o °c 19 8 ^ An L c ^ © . s 

±^3^^?M*^I9 9. 2 0 0 ©it«^ft;&#/Co il ©it^^^^a^ ^^^-e^^n^##f4^ 

wrsfecT'feD. iin^^jii A 2 ii -r s o 

[ 0 0 4 7 ] 
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[ 0 0 4 8 ] 
[ 0 0 4 9 ] 

B 1 : ( ^ ;t - 4 , 1 - 7 X P y ) e X 7 X ;l/ X ;l/ - A H" X ( - 7 ;1/ ;t 

n 7 y X ;l/ - h ) 

B2 : 1- (3, 3-S>'p<g^;l/-2-^^V79";l/) rh^tFng^^7x:^7i^ 
7 ;l/ ;t D y X ;l/ d-^ - h 

B 3 : p - h U ;l/ 7 X ;l/ X ;l/ - 7 A - 7 ;1/ n ;t y x ;1/ - h 
Ki'xy^-v — > 

C 1 : 2 , 6 - ^ V 7 n If ;l/ 7 - U y ^ 

Di :.-Ky7Di^py^y3-;i/ i^^mmm) 

D 2 : 4^ U X f- U y U 3 - ;b ( ffi « ft I H S T N 8 0) 
< ?f ffl > 



E 


1 


: 7 D b° y ^' i; a - ;l/ ^ / ^ ^ ;l/ X - 


r ;^ 7 r - 


h 


2 


4 . 


5 m 


2 




-n:/^? 7 y 






2 


8 . 


0 m 


7° 




t:° P y ^ y 3 - ;l/ 1 7 ^ ^ ;l/ X - r ;l/ 






1 


4 . 


0 w> 


y 




7 f - ;i/ ^ i7 h y 








3 . 


5 


E 


2 


: 7 n b y y 3 - ;l/ 1 7 ^ ^ ;l/ X - 


r 7 -fe r — 




2 


8 . 


0 m 


2 




^ 7 ^ 7 y 






2 


8 . 


0 






ly y i; 3 - ;l/ 1 7 ^ ^ ;l/ X - r ;l/ 






1 


4 . 


0 


E 


3 


: 7 n b y y 3 - ;i/ 1 7 ^ ^ ;l/ X - 


r 7 -fe r — 


h 


6 


6 . 


5 m 


y 




7 f - ;v ^ ^ h y 








3 . 


5 ^ 



[ 0 0 5 0 ] 

mmm \ ~ 3 Rt^tbieM 1 ~ 3 

H 1 t ^ L/c#fiSc^^-^iS-m?S il L/c©-5. 0 . 2 m © 7 >y * ^J3g » 7 ^ ;!/ - 1? 

tJliiLT. bi>~X MIfiSctim?g^S«L/co 
[ 0 0 5 1 ] 

y n y 7 X - t B r ewe r ft S © « S 1^ it 11 ffl fi § " A R - 1 9 " 

a^LT2 2 5 °C. 6 0g>O*ffT--^-7-r?.Ctfc;j;-:3Tff^8 2 OAtDWSSWKlh 
M^ff^ijSc^^i. :^^l.^-ec©±fc;, ±IH©^S>'XhfS*SSm©)l»*^ 0. 2 8 5 fimil^ 
;s j; 9 tx h°y 3- h L/co ^s>'X h ^ ^ h >y h ^b- h ±t i 

0 0 °ci? 6 0 #rEg7 y 7 L /to ^ ^ LTbs>'x Mi^ff^ijScL/c^n^'n(D7 x/>-tc 

, ArEx^^yvXr-y/^- [ (^S) ymc^) "NSR ArE", NA = 0. 55, 

1 ^ffll^. IDtM^gPelWfc^ft ^-tJrT ^ y 7 y F X^-X/^ 7 - y^lDt L /Co 
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